In this article we study large angle scattering of various exclusive reactions. Since large angle scattering of exclusive reaction may be explained by the nondiffractive interactions, we study these phenomena in the peripheral reaction mod- 
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In the above equations R ( =1 fermi) is the effective interaction radius and ilf, (ilfn) is the mass of the lightest state exchanged in the t(u) channel. ~(s)e/ is related to /3 (s) c/ through s-u crossing symmetry. The first (second) term in Eq.
(1·1) corresponds to the resonance (real) amplitude.
The expression (1·1) has been successfully applied to the forward ~rN and K1V charge exchange scattering. In this article J-depenclence of eJ and eJ is neglected. *l
So we obtain the asymptotic expression diJ I dt = exp {-2 Im a ( s) · 0}'' for the differential cross sections at large angles by using the asymptotic expression of the Legendre function P"cs) (-cos {}) for I a ( s) I::} 1. Though the energy dependence of this expressiOn
1s different from the approximate exponential p 1_ ( cc-jJ sin fJ) behavior of the differential cross sections at fixed angles, 5 l it is interesting to study if the characteristic features of large angle scattering can be explained by the simple expresswn.
From the comparisons with data it is found that:
(A) In rrN elastic and charge exchange and K1V and pp elastic scattering, the major part of the available data of the large angle differential cross sections 1s consistent with the above expression.
(B) The large angle P/J elastic differential cross sections (P1 ;S;10 Ge VIc) are consistent with Eq. (1· 3). But the discrepancies exist betvveen the expression and data at high energy (p,>10GeVIc). These may be explained by the contributions from the new non-peripheral interaction which dominate the large angle scattering for p 1>10GeVIc. In § 2 an asymptotic expression for the large angle differential cross sections in the peripheral reaction model will be shown. Comparison with available data will be given in § 3. Discussion and concluding remarks will be given in § 4. § 2. A Jarge angle scattering in a peripheral reaction model
In this article ~we study behavior of the differential cross sections of twobody scattering at large angles. Since gross behavior of large angle scattering is assumed not to be affected by their spin, we neglect the spin dependence of the amplitudes. The differential cross sections of the reactions are normalized as (2 ·1) In order to obtain a simple asymptotic expression of the amplitude, we neglect the J *' Though the neglection of the J-dependences of eJ (e.r) results in the divergence of the am· plitude in the forward direction, it doe,; nul produce such a difficult situation for the large angle so far as we concern over all s-depenclcnces of the amplitucle. 2· 2) is valid only where la(s)l>1 and Ia (s)l>1, respectively, we assume that these asymptotic forms may express the gross s-dependence of the large angle differential cross sections from relatively low energy (Pz2::0.5 GeV /c) by choosing the reasonable values for the parameters s0 and c, which are assumed to be equal to the ones determined in the applications to the low energy reactions and the fonvard high energy reactions. 2 ) In this simplified peripheral reaction model s and () dependence of the large angle differential cross sections have a relation with the forward (or backward) shrinkage of the differential cross sections of charge exchange scattering through the imaginary part of the effective trajectory a ( s). Though the geometrical picture5l for large angle scattering have been successfully applied to explain the exponential p .L dependence of the differential cross sections at fixed p 11 , the relations between the slope parameters at different jJ 11 are ambiguous. Large angle scattering has been extensively studied also in the picture of constituents interaction of hadron, 6 l but available data seem to prefer the exponential p .L -behavior to the power behavior predicted by these models. § 3.
Comparison with data
We compare the asymptotic expression obtained in § 2 with the large angle differential cross sections of (A) 7r 'p elastic and charge exchange scattering, (B) K 'jJ elastic scattering and (C) p'p elastic scattering in the available energy range 0.5;:;JYz <30 Ge V / c and at 1ixed c.m. scattering angles 0 = 30", 50°, 60°, 90° and 120°. Since the differential cross sections of large angle scattering seem to show *l The assumption e.r (or eJ) =canst is valid for low partial waves (.J::ORp (R=l fm)) for large angle scattering. **' Through these replacements are clerivecl in the forward direction through s-u crossing, 2 l we assume that they arc also approximately valid for large angle scattering, which will he stnclied in relation to the phenomenological comparisons in the next section. T. Kuroda approximate exponential pl. -behavior rather than power behavior in center of mass energy, we study the fixed angle data versus pl.= (P sin 6).
(A) n±p elastic and charge exchange reaction
The non-diffractive amplitudes of nN elastic and charge exchange reaction consist of the resonance amplitude (rotating phase amplitude in the conventional Regge pole model) and the real amplitude. So we must take account of the interference terms between these amplitudes. For simplicity we assume Im a(s) =Im a(s) in this section. We compare the fixed angle data with the following expressions,
for O<B<n/2 and
for n/2<0<n, where
In the above expressions, we take R=5.0 GeV-\ s0 =4.5 (GeV) 2 and c=l.O, which are taken to be approximately equal to those determined in the application to the forward nN and KN charge exchange reactions. 2 > The s-dependence is taken to be a,= 0.5 (au= 0.0) resulting from the s-dependence of the forward (backward) differential cross sections (8=0 (or 6=n)). We take {3,=f3u=0. 5 and ¢,=-0.28n and rPu = -1.26n for n±p elastic reactions and ¢, =0.023n for charge exchange reaction. The residues r, and r u are taken as follows,
The comparisons with datan are shown in Figs. 1 (a) and ( 
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The well-known characteristic features of K1\f reactions are as follows: (a)
Since the u-channel of K-jJ elastic reaction is exotic, large angle scattering (rr/2 <O<rr) should also be explained by the expression for forward scattering (O<O <rr/2) except for the small exotic exchange contributions in backward directions. (b) The fact that the dominant contributions come from only the resonance (the real) amplitude for the K -jJ (K+p) reaction is consistent with the lack of the pronounced dip and bump structures above Im a(s) >1.0, which corresponds to the fact that the interference terms in Eq. (3 ·1) are absent in these processes. 
The results are shown in Figs 
(C) j;*p elastic reactions
Though the NN reactions have been experimentally studied extensively, our theoretical knowledge about the forward 1VN scattering is ambiguous compared with one about rrN and KN reactions clue to the complexity of spin, i.e., the naive application of the peripheral reaction model seems to be clifficul t due to the many numbers of independent amplitudes.
Since experimental studies of the differential cross sections of the PP->f'P reaction 9 J in the large angle region are accurate, our study on this process may reveal more information about large angle scattering. Though the effective interaction radius R of the NN processes seems to be R=6.0 Ge v-1 from the crossover point of the forward p±p elastic differential cross sections, we determine the effective trajectory from the shrinkage of the forward non-diffractive amplitudes. And we take the following values R=4.0GeV-\ s0 =4.5 (GeV) 2 and c=l.O. The differential cross section at large angles is expressed due to the Pauli principle as where the second term is absent for pp scattering and the residues are r, (PP---'>PP) 
The comparisons with data 91 are shown in Figs. 3 (a) and (b) . The gros~ p 1_ -dependences of the differential cross sections are reproduced for both processes in the energy range 0.5<pl <10 (Ge VIc). The characteristic feature of the steeper slope of the p 1_ -dependence at (} = 120° rather than that at (} = 60° or (} = 90°
is reproduced well in the pp reaction as well as in the K-p reaction. Above P1=10 Ge VIc there exist apparent discrepancies between our expression Eq. (3 · 4) and the data of duldt (PP---'>PP) at (}=90°. This point will be discussed in the next section.
It has been pointed out that there exists an oscillatory structure around the straight exponential p j_ -behavior in the pp process, 101 but we have neglected these The imaginary part of the effective trajectory explains the angular dependence of the differential cross sections also for large angle scattering. Except at low energy, the gross pl. -dependence of the differential cross sections at fixed angle is explained well for the major parts of large angle data (0.5<p1<10 GeV/c).
Especially the steeper slope of di5 / dt ( K~ P) (or di5 / dt (PP)) at 6 = 120° than that at 6 = 60° or 6 = 90° is the characteristic features of this model, which is consistent with data. As well as for non-exotic reactions, we can explain the gross behavior of large angle scattering for exotic reactions by the replacement of a ( s) for a ( s).
From the comparison of our model with the data of the PP elastic reaction, we have seen that the other contributions exist for P1>10 Ge V /c. These contributions may be explained to come from the width of the peripheral orbit eJ(P) by the following consideration: As the peripheral reaction model formulated as Eq. (1·1) is applicable for high energy and large angle scattering as well as for forward scattering, the discrepancies between the simplified expression and data should be due to the assumption of the constant eJ (or eJ) in Eq. (1·1), i.e., since large angle scattering is considered to be mainly controlled by the contributions from the relatively lower partial waves (J<Rp, R=5 Ge V~1 ), the J-dependence of eJ (or eJ) for small J must play an important role for large angle scattering at higher energy (P1;2':10 Ge V /c). This situation seems to be consistent with one for forward scattering,") where the non-diffractive amplitudes have the finite nonperipheral contributions in small J(J<RP).
The above situation can be understood more clealy by the next example. For simplicity we approximate the s-dependence of the large angle behavior of PP elastic scattering as di5/dt=exp 
